Abstract. The calculation results of ground water equilibrium with the major water-bearing rock minerals (Moldova) are presented under the condition of anthropogenic impact. As a calculation model the HydroGeo software is used. It is shown that both "ground water-rock" and "intermediate water-rock" systems are in equilibrium with a number of minerals.
Introduction
Ground water in Moldova is exposed to intensive anthropogenic impact. The representative examples of strong anthropogenic input are groundwaters of Kishinev, where an excess of nitrate pollution norms is observed, and the most examined Lower-Sarmatian aquifer, which is used for central water supply of residential areas and industrial sites.
The "water -rock" system is a global one on the Earth and its geological evolution leads to development of various geochemical types of ground and surface waters, different secondary mineral neogenesis including weathering crust, hydrothermally-transformed rocks, mineral deposits, etc. [1] . To understand the evolution mechanisms of underground hydrosphere composition is generally impossible without detailed research in thermodynamic equilibrium condition of groundwater with major water-bearing rock minerals. Therefore, the main goal of the article is to reveal the basic features of equilibrium in "water-rock" system and, hence, to determine the typical factors of water formation under the anthropogenic impact.
Materials and methods

Subject of research
The research subject is groundwater of Kishinev city and water of Lower-Sarmatian aquifer in the north-central part of Moldova (figure1). [3] using HydroGeo software [4] . The data on free energy of carbonate, aluminosilicate mineralization and dissolved elements are taken from the work [3] . To establish the rate of water equilibrium with definite minerals, we used the mineral stability field mapping technique developed by R.M. Garrels and Ch.L. Christ [5] , as well as saturation index (si), which is equal to: si = lg Q/K, where Q -reaction quatant; К -reaction constant. While saturating with some mineral, the solution saturation index increases to zero (equilibrium state). In case of oversaturation, its values become positive. The calculations are carried out at temperature 25°C.
Geological and Hydrogeological Structure of the Study Area
Geologically, the study area is located in the south-west of East-European Precambrian platform within the Moldovan plate. Crystalline basement is located at the depth of 0 -100 m (north) and approximately 1600 -1800 m and more (south) and consists of Archean and Lower-Proterozoic strongly dislocated rocks of magmatic and metamorphic origin. Sedimentary section is of sedimentary formation of Upper Proterozoic, Lower-and Middle Paleozoic, and Cainozoic eras. The upper part of sedimentary section is composed of marine deposits of Middle Paleogene (Eocene), Neogene (Baden and Sarmatian Stages), and Quaternary deposits. For Neogene deposits the formation of three reef ridges is typical, the second of which is Middle-Sarmatian one crossing Kishinev city [6] .
Hydrogeologically, the study area is south-western part of the Black Sea artesian basin of the first order. N.F. Frolov [7] distinguishes the area between the Prut and Dniester Rivers as a separate artesian basin of the second order called "Moldovan artesian basin".
Depending on hydrodynamic and genetic features of geological conditions, there are two types of groundwater. The first type is groundwater of active water exchange zone occurred mainly at the depth of 0-15 m, in rare cases deeper. Water-bearing rocks are inequigranular sand and sandy clay. The aquifer bottom consists of dense blue-gray and green-gray clays of different age, the surface of which is washed out in some areas. Groundwaters are fed by precipitation infiltration, water inflow from the terraces above flood-plain, in high water season -due to flood water. In the territory of Kishinev city four unconfined aquifers can be distinguished: 1) aquifer in the recent alluvial deposits; 2) that in ancient alluvial deposits; 3) that in alluvial-talus deposits; 4) that in eolian-talus deposits [8] .
Intermediate water is a complex of Sarmatian aquifers. Groundwater in Lower-Sarmatian deposits is distributed everywhere and well-studied over the territory of Moldova, with the exception of extreme south, where rocks of this age are absent. Groundwater reservoir is fractured limestone, which alternates with sand and clay loam in the Central Transdniester.
Lower-Sarmatian aquifer is separated from Upper-Cretaceous aquifer of Podolskian argillaceous sand formation that acts as an aquiclude between them.
Head waters: the pressure increases from north to south reaching 2 -40 m in the north and in the south more than 300 m, then decreasing towards south-west and south-east up to 7 -10 m. Groundwater is discharged into the Black Sea; first it appears to flow into overlying Middle-Sarmatian deposits, from the latter it flows into the sea (S.Т. Vznuzdayev, 1969). Besides, there is a discharge in the river valley, in the tectonic zones [6] .
Results and discussion
As for their chemical composition, groundwaters of Kishinev city are mostly hydrocarbonate or hydrocarbonate-sulfate (in terms of prevailing anion and cation content) with different ratios of magnesium, calcium, sodium (Table 1 ). There are also sulfate-hydrocarbonate and sulfate waters. Waters are mostly weakly alkaline, fresh, seldom weakly brackish. Water mineralization varies in the wide rangefrom 0.39 to 2.63 g/L. The distinguishing feature of groundwater in Kishinev city is elevated concentration of nitrate (the maximum concentration is 994.4 mg/L), the source of which is agricultural activity [2, 8] .
In terms of chemical composition water of Lower-Sarmatian aquifer is mostly hydrocarbonate sodium or sodium-magnesium (Table 2) . There is also hydrocarbonate-sulfate and sulfate-hydrocarbonate waters with different ratios of sodium, magnesium, calcium. In 5 % of cases there are hydrocarbonate-chloride sodium-magnesium waters. Water mineralization ranges from 0.48 to 4.64 g/L. Water is mostly alkaline (the average value of рН = 7.95), weakly brackish and fresh, seldom brackish, at the average salinity value 1.38 g/L.
Hence, water is mostly alkaline and the major salt-forming components of that water are hydrocarbon-ion and sodium. Taking this fact into account, one may state that it is typical alkaline sodium water sometimes distinguished by high mineralization.
Equilibrium with carbonate minerals.
Thermodynamic calculations have shown that, despite low mineralization values and calcium content, the major part of studied groundwaters of Kishinev achieves the equilibrium with such carbonate mineral as calcite (figure 2). The long distance between data points shows the state of water oversaturation with calcite. This is true for waters of all chemical types. Insignificant part of water still remains undersaturated with calcite. The average mineralization value of this water is 0.4 g/L, the content of hydrocarbonate ion -329 mg/L, calcium -16 mg/L at рН = 7.7. In case of intermediate water, the group of calcite unsaturated water includes some waters of hydrocarbonate and sulfate-hydrocarbonate types with the average mineralization value -1 g/L, hydrocarbonate-ion content -512.2 mg/L, calcium -39.38 mg/L at рН=7.37, whereas the average values of the above mentioned parameters of calcite saturated waters do not differ significantly.
2 Equilibrium with aluminosilicate minerals.
The diagrams of saturation with aluminosilicate rock minerals are shown in figure 3 . All groundwaters of Kishinev and intermediate waters of north-central part of Moldova (with the exception of several samples) are not in equilibrium with endogenous aluminosilicates (albite, anorthite) and are in equilibrium with secondary minerals (aluminum, kaolinite, montmorillonite oxides). Some samples are in equilibrium with gibbsite, potassium, and feldspar. 
Conclusions
All studied waters of Moldova territory are in equilibrium with carbonate minerals, even groundwaters of Kishinev, despite the rapid water exchange and short time of groundwater interaction with rock. The observed equilibrium of Kishinev groundwater with calcite proves the early stage of groundwater evolution which is accompanied with rather low mineralization values (less than 1 g/L) due to hydraulic connection with surface water and precipitations. It is just in those points where water equilibrium with carbonate shifts towards undersaturation. All groundwaters of Kishinev and intermediate waters of north-central part of Moldova (with the exception of several samples) are not in equilibrium with endogenous aluminosilicates (albite, anorthite) and are in equilibrium with secondary minerals (aluminum, kaolinite, montmorillonite oxides). In the territory of Moldova agriculture is widely developed that has a great impact on water composition. For example, elevated concentration of nitrite is a typical feature for Kishinev that allows distinguishing so-called "exotic" type of water -NO 3 -HCO 3 -Mg-Ca, sometimes with increased chloride ion. All these factors point to equilibrium-non-equilibrium nature resulted from interactions in the "waterrock" system and a definite evolution stage.
